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Abstract

A modified 16-node element for composite plate has been proposed and compared with the
20-node element to check the validity of it. The fields of numerical inspection include mode
analysis and specific damping analysis. By symmetrizing the conventional unsymmetric damping
matrix in the analysis of specific damping capacity, we could compute the specific damping
capacity and make a program, effectively. In addition, we could predict the errors caused by
reduction of integration order in thickness direction depending upon the number of layers.
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Table 1 Material properties of unidirectional laminae
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(Gpa) (Gpa) {Gpa) (Gpa) (Gpa) (kg/m?)
A 112.0 8.81 8.81 5.45 5.45 33 33 .50 1575.
B 46.79 7.45 7.45 3.25 3.25 19 .19 .50 1943.
C 172.7 7.20 7.20 3.76 3.76 .30 .30 .50 1551.
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Table 2 Comparison of 20-node element with 16-node element

Classification 20-node 16-node Recudtion(%)
DOF/Element 60 48 20%
QOM 1830 1176 35.7%
TDOF 13402 8740 34.8%
Mass &
Example Stiffness 190 130 31.6%
0£(0°/90°/0°) CPU evaluation
. time
composite (sec) Solution of
plate eigenvalue 39 25 35.9%
problem
Total 229 155 32.3%
time

1) DOF : Degree of freedom
2) QOM : Quantity of memory
3) TDOF : Total degree of freedom

Table 3 Comparison of the results of modified and conventional 16-node elements with the results of
20-node element of composite plate

Yomode Unmodified Modified Modified
Mode number -}r;o 16-node*! 16-node*?
z Hz(% Error) Hz(% Error) Hz(% Error)
1st mode 107.7 116.8(8.45) 107.8(.09) 107.8(.09)
2nd mode 300.3 325.0(8.23) 291.4(2.96) 300.2(.03)
Srd mode 333.3 333.7(.12) 300.2(9.93) 333.5(.06)
(torsional)
4th mode 600.0 647.0(7.83) 508.0(.33) 598.1(.34)
5th mode 683.0 686.3(.48) 601.1(11.99) 683.4(.06)
(torsional)

% 1: The results by using Eq.(18)
%2 : The results by using Eq.(18) and Eq.(21)
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Table 4 Comparison of the results of 20-node model with the experimental results

Natural Natural Natural
Size Angle of Classification frequency frequency frequency
(mm) layer 1st mode 2nd mode 3rd mode
(Hz) (Hz) (Hz)
Isotropic Exp. 192.5 532.5 705.0
300x50x3.25 material
0°/0°/0°/0°%)s F20 190.1 533.8 699.3
Orthotropic Exp. 1175 325.0 635.0
300 x50x3.2 composite
(90°/0°/90°/0°%)s F20 1174 326.7 650.3
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Table 5 Comparison of the results of 20-node model with the results of reference (19)
Natural Natural Natural
Size(mm) Layer and Classification frequency frequency frequency
iz i
angle 1st mode 2nd mode 3rd mode
(Hz) (Hz) (Hz)
Ref. Comp. 82.8 392.1 526.3
8-layer (19]
120 x19.6 x 0.8 Exp. 83.0 379.5 515.7
X088 1 (000007907 P
F20 83.0 3935 523.1
Ref. Comp. 75.6 480.1 661.7
8-layer [19]
120 x19.3x0.98 Exp. 4 485.1 609.5
% (0°/45°/ —45°/90%)s xp 7 >
F20 76.5 480.8 669.4
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Table 6 Material properties of composite laminae

Type E, E, E, G Gus , ) ) (k" y
(Gpa) | (Gpa) | (Gpa) | (Gpa) | Gpa) | M | ® | = mf)
Unidir. ' -
A i 132.4 10.80 10.80 5.70 5.70 24 | 24 | 49 |2538
lamina
Woven
B ) 1324 132.4 10.80 55.2 5.70 20 | 24 | 24 |2538
lamina :
—
C raided | 1,00 120.0 120.0 480 48.0 25 | 25 | 25 |2538
lamina
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Table 7 Comparison of the results of modified and conventional 16-node with the results of 20-node
laminated composite plate

Natural Natural Natural
Type Layer and angle Mode frequency 1st frequency 2nd frequency 3rd
mode error(%) mode error(%) mode error(%)
20-node 58.65 370.4 533.3
4-layer
16-n0d 61.70(5.20 389.6(5.00 534.0(.13
Modified
odihe 58.39(.44) 368.8(.43) 532.7(.11)
16-node
20-node 38.04 240.7 579.1
4-layer
16-nod 43.00(13. 271.8(13. 579.2(17
(90°/90°/90°/90°) noce 13) 13) ol
Modified
37.49(1.40 937.1(1.50 580.6(.26
Unidir. 16-node (1.40) 37.1(150) (.26)
lamina 20-node 54.29 3439 819.0
4-layer 16-node 55.33(1.90) 350.5(1.80) 819.0(.00)
(45°/ —45°/ — 45°/45°) T o T
Modifi
odified | o2 471.70) 338.0(1.70) 820.0(.12)
16-node .
20-node 123.7 568.4 776.3
4-layer
16- 4( 568.8(.07 780.7(57
(0°190°/90°/0°) 6-node 124.4(57) 68.8(.07) 80.7(57)
Modifi
odified 123.9(.16) 568.6(.035) 777.3(13)
16-node
20-node 46.02 290.7 554.8
ingle 1 ‘
Braided Z‘f;g ¢ layer 16-node 46.68(3.60) 300.6(3.40) 555.3(.09)
M . pa ’
odified 46.19(37) 291.2(.17) 554.7(.018)
_16-node
20-node 1319 827.7 1597.
4-layer
nod 132.2(23 829.5(22 1597.(.00
(0°190°/90° /0% 16-node 2229 9.5(.22) 507..00)
: dified
Modifie 131.9(.00) 827.6(.01) 1597..00)
16-node
20-node 131.9 827.7 1597
Woven | laver 16-node 132.2(.23) 829.5(.22) 1597.(.00)
(45°/ —45°/ — 45°/45°) ks iy -
=
Modified | 4) 9. 40) 827.6(.01) 1597.(.00)
16-node
20-node 131.9 827.7 1597.
4-layer
(04100 10°/0%) 1\26.;?2 132.2(.23) 829.5(22) 1597.(.00)
oditie 131.9(.00) 827.6(.01) 1597.(.00)
16-node
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Fig. 4 Integration errors(order 1) of an isotropic
plate in mode analysis
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Fig. 5 Integration errors(order 1) of an orthotropic
composite plate in mode analysis
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Table 8 Comparision of natural frequencies and SDCs for modified 16-node element and 20-node element

Natural Natural Natural
. frequency | frequency | frequency SDC1 SDC2 SDC3
Size(mm) Model 1st mode 2nd mode | 3rd mode | error(%) | error(%) | error(%)
error(%) error(%) error(%)
20-node 82.80 392.1 526.3 1.05 2.16 1.06
A Ref.[19] | 83.04(0.29) | 393.5(0.35) | 523.2(0.60) | 1.04(1.05) | 2.15(0.65) | 1.05(0.47)
120x19.6 % 0.88 —
(mm) l\fgi’o;d 83.26(0.56) | 393.7(0.40) | 524.1(0.42) | 1.05(.0) | 2.15(0.65) | 1.05(0.47)
20-node 88.13 232.2 290.7 3.07 0.81 1.71
B Ref.(18) 86.33(2.0) 224.5(3.7) 280.4(3.5) 3.11(1.3) 0.80(1.2) 1.70(0.58)
215215 1.62 —
(mm) l\fg(:;:;d 88.20(.79) 231.18(0.85) 293.6(1.0) 3.08(0.33) 0.79(2.5) 1.74(1.8)
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